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INTRODUCTION
It is generally accepted that the fatigue or endurance strength of planar slip materials, such as steel and brass, is increased by refining the grain size, whereas in wavy slip materials, such as pure copper and pure aluminum, the fatigue strength is unaffected (1, 2) . However, there is little similar evide.nce of an effect of grain size on fatigue crack propagation (2) . In both wavy (3, 4) CJnd planClr slip (5-7) metals, growth rates appear independent of grain size. For example, variations in grain size from 10 to 20Qwm in 70/30 brass (6) , and from 45 to 480jJm in austenitic stainless steel (7) produce no measurable change in fatigue crack
I
propagation rates over a range of growth rates from 10-5 to 10-2 mm/cycle.
Recently, however, there have been indications in the literature that grain size may indeed influence crack propagation behavior at growth rates less than 10-5 to 10-6 mm/cycle approaching the threshold* for crack propagation, ~KO (8-13 strength between coarse and fine-grained materials has been made (13) in ultra-high strength steel (300-M) where it was found that, on enlarging the (prior austenite) grain size from 20 to l60jJm, a small reduction in near-threshold propagation rates below 10-4 to 10-5 mm/cycle resulted with no change in the threshold ~KO. The object of the present note is to examine further the effect of prior austenite grain size on nearthreshold fatigue crack growth behavior in a high strength steel (Fe-Cr-C) where grain size can be varied considerably without significant change in monotonic and cyclic strength.
*The threshold ~KO represents the alternating stress intensity below which crack growth cannot be detected.
*)~More correctly, the cyclic yield strength (13, 15) .
{, .. Table 1 .
Austenit- Fatigue crack propagation tests were performed on 12.7 mm thick 1-T compact tension specimens, cycled under load control in a controlled environment of moist air, at 27°C with 50% relative humidity. Tests were conducted under sinusoidal tension, at 50 Hz, with a load ratio (R = Kmin/Kmax) of 0.05, where Kmax and ~in are the maximum and minimum stress intensities during each cycle. Plane strain conditions were main-/ tained throughout. Crack growth rates were continuously monitored using the elctrical potential method (19) , to an accuracy of at least 0.1 mm on absolute crack length. The threshold stress intensity for crack growth (~KO) was determined in terms of the alternating stress intensity (~K = Kmax -Kmin) at which no growth could be detected within 10 7 cycles.
Relative to the accuracy of the crack monitoring technique, this corresponds to a threshold defined in terms of a maximum crack growth rate less than 10-8 rum/cycle (4 x 10-1 0 in/cycle). Thresholds were approached using a successive reduction in l()ad followed by crack growth procedure, as described in detail elsewhere (15, 20) .
RESULTS AND DISCUSSION
The mechanical properties of Fe-Cr-C steel, listed in Table I , indicate that the monotonic yield strength of this steel in the as-quenched condition is independent of austenitizing temperature, and thus prior austenite grain size. The cyclic yield stress is also largely unchanged, and can be seen to be around 11% higher than monotonic values, indicating cyclic hardening characteristic of untempered and lightly tempered martensitic steels (18) . The fatigue crack propagation results for these structures are shown in Fig. 1 . For the "mid-range" of growth rates exceeding 10-5 rum/cycle, it is apparent that propagation rates are totally independent of prior austenite grain size over the range studied. This is consistent with the fact that fatigue crack propagation behavior in steels over this growth-rate regime is largely insensitive to microstructure (e.g., 13, 15, 21) . At lower, near-threshold growth rates, below 10-5 rum/cycle, resistance to fatigue crack propagation is decreased as
-5-as the grain size is coarsened. Not only are near-threshold crack growth rates higher but the thresh'old l'lKO is reduced from 4.4 to 3.0 MPaYm when the prior austenite grain size is raised from 30 to l80jJm. This behavior is somewhat different to that observed previously for ultra-high strength steel where coarsening the prior austenite grain size (at constant strength) in cyclically softening 300-M steel led to a decrease in nearthreshold growth rates with no change in l'lKO (13) . The effect in both cases, however, is small. More importantly, these results for high strength steels are in direct contrast to results (10,11) for much lower strength steels (less than 500 MPa) where coarsening the ferrite grain size from 20 to l50~m led to a marked increase in l'lKO from 7 to 17 MPa)f~ (Fig. 2) . As mentioned above, the latter results cannot be regarded as convincing proof of a grain size effect because of significant softening, in low strength steel, with grain coarsening (Table II) Furthermore, increases in the austenitizing temperature may lead to other microstructural changes (17) , such as coarsening the martensitic packet diameter (22) , or changing the distribution and grain boundary coverage of residual impurity elements (23, 24) , in addition to enlarging the austenite grain size. Such factors may have a profound influence on the environmental sensitivity to cracking, and thus on the resistance to nearthreshold fatigue crack growth in moist air for high strength steels.
The influence of impurity distribution is considered to be of particular significance in view of the large proportion of intergranular facets observed during near-threshold fatigue crack propagation in the present steel (see also Reference 20) . These effects will be considered in a forthcoming publication (25) . . , " 
